Background: Obstetrics remains the largest medico-legal liability in healthcare. Neither an increasing awareness of patient safety nor a long tradition of reporting obstetric outcomes have reduced either rates of medical error or obstetric litigation. International debate continues about the best approaches to measuring and improving patient safety. In this study, we set out to assess the feasibility and utility of measuring the process of maternity care provision rather than care outcomes. Aims: To report the development, application and results of a tool designed to measure the process of maternity care. Materials and Methods: A dedicated audit tool was developed, informed by local, national and international standards guiding best practice and then applied to a convenience sample of individual healthcare records as proof of function. Omissions of care were rated in order of severity (low, medium or high) based on the likelihood of serious consequences on patient safety and outcome. Results: The rate of high severity omissions of care was less that 2%. However, overall rates of all omissions varied from 0 to 99%, highlighting key areas for clinical practice improvement. Conclusions: Measuring process of care provision, rather than pregnancy outcomes, is feasible and insightful, effectively identifying gaps in care provision and affording opportunities for targeted care improvement. This approach to improving patient safety, and potentially reducing litigation burden, promises to be a useful adjunct to the measurement of outcomes.
Introduction
Improved maternal and child health outcomes are key goals for those providing maternity care. 1, 2 Measuring and reporting these outcomes have long been a cornerstone of high-quality maternity care, [3] [4] [5] [6] identifying opportunities for targeted improvements. This approach has underpinned regional and national review processes in Australia and elsewhere. [3] [4] [5] [6] While reporting outcomes provides insightful comparisons between hospitals, regions or nations, it does not address why outcomes differ and how healthcare may be improved. Thus, measuring outcomes alone is unlikely to be ever able to provide a complete picture of the quality and safety of healthcare. Accordingly, it is increasingly apparent that measuring and reporting healthcare process will deliver better outcomes. 7, 8 Access to antenatal care by trained professionals is fundamental to ensuring optimal maternal and child health outcomes.
1,2,9-11 Recommended components of routine pregnancy care are well described and have been used to inform regulatory, professional and organisational expectations of care providers. 1, 2, [12] [13] [14] [15] [16] [17] We used these recommendations, applying principles of patient safety and clinical audit methodology to measure pregnancy care, assessing whether such an approach would be feasible and informative.
Materials and Methods
We developed a clinical audit tool to measure predefined elements of pregnancy care. 18 Briefly, we used local, national and international clinical practice guidelines 12, 13, [15] [16] [17] to develop minimum 'standards' of care against which provision of care was audited 18 (Table 1) . We divided the audit tool into five sections (demographic information, first pregnancy visit, antenatal screening, antenatal visits summary and documentation) and applied it to the health records of a random convenience sample of women who had given birth in an outer metropolitan maternity unit with about 1500 births per annum. Individual patient health records were hand searched, and data were entered and stored in a custom-made database (Filemaker Pro 9.0 v3; Filemaker Inc., Santa Clara, CA, USA). Data missing from a health record were recorded as absent or unavailable and the care assumed not to have been provided. Maternal or fetal conditions or clinical assessments that required further investigation or action and where no such action was recorded were interpreted as 'abnormal not referred'. 18 Such results were considered omissions of care with the potential to adversely affect patient safety, the latter being a higher severity omission. We acknowledge that missing information may not reflect deficiencies in care delivery but rather a deficiency in the recording of that care. However, in a healthcare system that depends upon multiple providers, a lack of documentation presents risks of harm. The number of women with omissions of care is reported as a percentage of the health records audited. The severity of the omission (low, medium, high) was determined by the degree to which care provision was within the control of the care provider, and/or its potential to cause harm. Specifically, a pragmatic approach to severity scoring was agreed between two of the authors (SS, EMW) depending on either the likelihood of the error to potentially cause significant harm or, in the case of omission of recording of care, the likelihood to expose the health service to successful litigation. Departures from care expectations as detailed in the hospital's own clinical practice guidelines 17 were also accorded a higher severity rating because these were considered to reflect explicit local deficiencies. Data analyses were performed using Prism 
Results
A total of 354 health records, 24% of all women giving birth at the hospital, were analysed. To confirm validity, a random selection of 90 (25%) records was assessed independently. Inter-rater reliability yielded a kappa score of 0.88. 
Standards of care
Overall rates of compliance are detailed in Table 2 . The rate of high severity errors was 1.7%.
First pregnancy care visit Standard 1: Calculation and recording of estimated due date (EDD). Of the 354 records, one record (0.3%) did not have an EDD recorded. In 318 (90%) records, a first trimester ultrasound scan had been used to determine the EDD. Of the remaining 35 records, various methods have been used to calculate the EDD, only one of which was compliant with agreed organisational procedure. In total, 35 (10%) records were non-compliant with standard 1. Error severity: LOW.
Standard 2: Gestation at first visit. Fifty (14%) women had had their first antenatal visit by 12 weeks' gestation (including those at 12 weeks gestation). The majority of women (198, 56%) were first seen at 13-18 weeks gestation (Fig. 1) . Overall, the care for 304 (86%) women was outside the standard. Error severity: MODERATE. Standard 3: Calculation and recording of maternal body mass index (BMI) at first visit. Thirty-two (9%) women did not have their BMI calculated at their first visit. Error severity: LOW. Standard 4a: Medical and family history and physical examination. There were 224 (63%) records that were non-compliant with this standard. Ten (3%) women had no record of a medical history being taken, and in nine (2%) women, there was no record of a family history being taken. There was no record of a physical examination in 133 women (38%). Error severity: MODERATE. Standard 4b: Smoking, recreational drug use and alcohol consumption. Eleven (3%) women were not asked about smoking. Of the 45 women who reported that they smoked, 39 (87%) had no evidence of follow-up questions during pregnancy. The health records of five Standard 9b: Signing of medical record entries. In eight (2%) health records, there were entries that were not dated. There were missing signatures in the records of 178 women (50%) and missing legible name in those of 350 (99%). In 59 health records (17%), not all entries in the record were legible. Error severity: MODERATE. Standard 10: Schedule of visits. There was poor compliance with the recommended schedule of visits, particularly in the third trimester when a large number of healthy women with a normal pregnancy had an apparently excessive number of visits.
Discussion
In this study, we have assessed the feasibility of using a bespoke clinical audit tool to assess pregnancy care, as defined by compliance with hospital policies, as an adjuvant approach to improving safety and quality of healthcare. We found that deficiencies in care were evident in 85% of case-records but that deficiencies that could have significantly compromised pregnancy outcomes were evident in less than 2%. We believe that this approach could be readily embedded in maternity services to be used with established measurement of perinatal outcomes to guide improvements. While patient safety is paramount in health care delivery, there remains little agreement on how best to measure it. [7] [8] [9] [10] 19, 20 Many diverse approaches and tools have been reported.
21-23 However, we were unable to identify any that assessed the continuum of pregnancy care. Accordingly, we developed the tool to audit care against a number of standards. 18 That the rate of a 'high severity' avoidable errors was less than 2% suggests that overall care was of a reasonable standard. However, a reasonable or acceptable error rate was not agreed upon prior to the study and there is not broad agreement on this in the literature. Reported medical error rates range from 2 to 40%, depending on associated patient risk factors and co-morbidities. 8, 20, 24, 25 Reports about patient safety in an ambulatory setting have been published, [26] [27] [28] [29] although none relate to maternity care, and analyses have been limited to only those records where adverse events were known to have occurred. Thus, as far as we are aware, this is the first attempt to measure the rate of care process compliance as an outcome in itself.
Having established a baseline error rate (85%) and a critical error rate (2%) for our service, we believe that the next step is to determine acceptable error rates. We would suggest that the acceptable error rate will differ for severe errors -likely to be a zero -and minor-to-moderate errors. We are now engaged with the service to set these rates.
The high rates of unavailable data (up to 85%) from the health records should be a major concern for both individual clinicians and the organisation. Documentation of care is fundamental to the transfer of clinical information between care providers, particularly when large components of care, such as in pregnancy, may be provided in the community by non-hospital staff. In these instances, access to hospital information technology systems can be inconsistent or non-existent. Effective reporting relies on transcription from files retained by the medical practitioner to a woman's handheld record, which ultimately is filed in the health record. There is also the issue of woman's choice of pathology provider and medical provider preference of pathology services. In cases where there is no interface between the pathology provider and hospital information systems, data collection again relies on manual transcription. This study identified compelling system failures that are likely to be replicated in other maternity services but that could be readily overcome with integrated information management systems such as afforded by an electronic medical record. Indeed, an electronic medical record that was configured to prompt the user to complete the summary of care provision, in effect to manage care, would be expected to dramatically improve compliance, to improve the flow of information between clinicians and to improve quality of care. One outcome from this study is to highlight for the health service the potential value of an integrated electronic maternity record.
In addition to highlighting critical areas of risk exposure, the audit tool identified opportunities to improve organisational systems of care and deliver efficiencies. For example, the majority of women received their first antenatal visit after 13 weeks gestation, principally due to lack of sufficient appointments. However, fifty women who were assessed as being at low risk of developing complications were over-serviced by having too many antenatal visits. For example, one woman was seen 16 times after 28 weeks of pregnancy without any apparent reason or pregnancy complication. These insights provided opportunities for the health service to improve scheduling and thereby free up appointment times for better use in early pregnancy. These changes would be expected to save costs and improve care. Our tool provides a means to assess whether improvements and compliance are then achieved.
Our interpretation that omissions in the health record reflect omissions of care may be perceived as extreme. We acknowledge that omissions in documentation do not prove that care was not provided. However, it is difficult to argue that care was offered or provided if there is no documented evidence for it. For example, in the case of aneuploidy screening, it would be difficult to defend care where a woman gives birth to a child with Down syndrome and claims wrongful birth stating that she was never offered testing and would have terminated the pregnancy had she known, if there was no record that counselling had taken place. Similarly, the lack of evidence of HIV screening or of appropriate referral for abnormal hepatitis serology or an abnormal fetal anatomy ultrasound are of great concern. Highlighting these deficiencies enabled changes to results management to improve patient care.
Limitations
The key limitation in our work is that to date, this exercise has been necessarily limited to measuring process. Whether measurement and reporting of the results will lead to change and ultimately to improved process and better outcomes has yet to be demonstrated. Ideally, such future 'intervention' studies should be designed and report findings in accord with the standards for quality improvement reporting excellence (SQUIRE) guidelines. 30 Further, the study was undertaken within a single hospital and the results may not be generalisable beyond the site under review. In particular, the grading of error severity is likely to vary depending on an individual hospital guidelines. For example, if routine screening for gestational diabetes is not required in a given hospital, then the lack of provision of such screening would not be recorded as an error as it would be in our service. The development of regional or national guidelines and standards, such as those published by NHMRC 12 or NICE, 13, 14 would assist in the development of uniform error severity scoring.
Conclusions
We believe that this study usefully contributes to the knowledge of measuring safety in pregnancy care by providing a broad assessment of the entirety of antenatal care, identifying important opportunities for care improvement. Most importantly, we have shown that it is both feasible and insightful to measure process of care in addition to outcomes of care as an adjuvant approach to improving quality and safety.
